We suggest that the statistical properties of the scattered radiation in resonance-fluorescence experiments may be affected significantly by the existence of atomic correlations. The scattered light spectrum from two-and three-atom collective systems has been calculated and compared with the one-atom spectrum. The di6erences are quite significant for weak fields, but become less pronounced as the intensity of the driving. field is increased. In addition, we have calculated the scattered intensity correlation function for collectively interacting systems, and found that its behavior is very different from that of the single-atom intensity correlation function, both for weak and strong incident fields. The implications of our findings for the observation of photon antibunching are also discussed.
I. INTRODUCTION Resonance fluorescence, or the scattering of electromagnetic radiation by resonant atomic systems, is a familiar fundamental process, '"' that has become the focus of considerable attention in the last several years. In particular, the spectral distribution of the scattered light has been the subject of numerous theoretical' " and experimental""" investigations. At this time, it is well established that for incident field strengths below a certain threshold value, the scattered spectrum consists of a single broadened line, while, above threshold, it exhibits a pair of sidebands in addition to the central component. The ratio of the central line to the sideband peakheights is 3:1, while the linewidth ratio is 1:1. 5.
A new interesting feature of the scattered light has been discovered followirig a calculation of the second-order field-correlation function": G"'(t, t+ &) = (E, ' '(t)E, ' '(t+ r)E, "(t+ 7)E, "(t)), (1.1) where E, " and E, ' ' are the positive-and negativefrequency parts of the scattered electric field operator, respectively.
It is well known that the second-order correlation function G"' of the radiation emitted by a narrow-band thermal source has a maximum for 7-0. This is, of course, a manifestation of the familiar photon-bunching effect which is charac- 
Upon identification of the eight independent-matrix elelllell'ts of pmm, {I! ) Willi the coInpollell'ts $;(f ) of an eight-dimensional vector (see Appendix A), the set of coupled equations (2)- (4) The Laplace transform of &t&(t) is given by
where I. is a nonsingular matrix with eight distinct eigenvab1es. The steady-state density operator follows directly from Eq. (2. 7), Thus the j = 2 term in (2.14) leads to
(2. 15) (M~+ M82) g, (t,) .
Using this procedure we finally find that the Laplace transform of the two-time correlation function, under steady-state conditions is
The Laplace transform has a contribution from the pole at z =0. This leads to the coherent part of the correlation function and should be subtracted from the total correlation function. The incoherent part is defined by -1 is -is)
The second-order atomic correlation function can be calculated as follows. First, we obtain the single-time average Hence, the incoherent part of the Laplace transform of the correlation function will bẽ~" 
Finally, from the regression theorem, we obtain the Laplace transform of the steady-state cor-
where A is a constant and g(z) is a regular function of s for Hez~0. More explicitly, in the single-atom case one has (2.25) which, when inverted, leads to 1'(. i(7') = 1 -exp( -2 r) [(3/4b) g!j density matrix elements q$(T) = p/f(7) and y2(7) = pp p(7) for the twoatom system. The time axis is measured in units of (27) This correlation function, which is proportional to the probability of detecting three photons, one at time t, a second at t+~"and the third at t+~, +7"vanishes for 7, = 7', =0 and thus shows a complete antibunching effect. The mathematical reason for such a result is the operator relation (S')'= (S )'= 0 for a system of two two-level atoms. The physical reason is that, in order for the detector to detect three photons, the time scales should be such that the atoms have a chance to be raised into one of the excited states by the interaction with the laser field.
The normalized second-order correlation function y"'(r) for the collective two-atom system is shown in Figs. 8-12 (A9) Equation (A9) confirms explicitly our relation (3.1 (I)
A system described by the Hamiltonian (HI) is now coupled to the vacuum of radiation. We are interested in evaluating the transition amplitude for spontaneous emission of one photon. into an arbitrary mode of the vacuum. While this perturbative argument cannot provide information on the details of the emitted spectrum, , it will provide us with the appropriate selection rules for the spontaneous radiative transition. 
